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ABSTRACT 
 
The purpose of this project is to propose a resigned structure to better suit the activities of 
the Santa Clara University Multicultural Center.  The renovation entails proposing a 
preliminary structural design system that includes a new, light-weight PLN3 metal deck 
roofing system provided by Verco Decking, Inc.  Nine deep long span 56DLH truss joists 
will be implemented to support the metal deck.  Two large trusses comprised of member 
sizes HSS9x9x
1
2
 and LL3
1
2
x3
1
2
x
5
16
x
3
8
  will be used to support the nine truss joists. Four 
concrete columns, 15 ft in height and 2 ft in diameter, will be erected to uphold each end of 
the two steel trusses.  Lastly, column footings of 4.5’x4.5’x3.0’ will be used to support each 
concrete column. The architectural components of the renovation aim to include a 
complete redesign of the existing common area of the original building as well as 
implementing an extension to allow for more space.  The architectural components include 
a new general meeting area layout, four private study rooms, one conference room, a desk 
reception and storage facility area, as well as an emergency exit extension and 
multipurpose activity center. The total cost of renovation is estimated to be $864,341.00 
with a cost per square foot of $156.58. The duration of this project is expected to last 11 
weeks, starting from June 15 to August 28.  
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1 Introduction 
 
1.1 Project Goals 
 
The purpose of this project is to propose a structure that will better suit and 
accommodate the activities of Santa Clara University’s multicultural clubs for the 
benefit of on-campus student life.  The scope of this project entails providing a 
renovation plan for the Bob Shapell Student Activities Hall, home to the Multicultural 
Center on campus, that includes a preliminary schematic structural design of a new 
steel-truss-supported roof system and a remodeled architectural interior layout.  In 
addition, this proposal will also delve into a construction management plan, including a 
preliminary Work Breakdown Structure (WBS), cost estimate, construction schedule, 
and site logistics plan to be used if and when this proposal is put into action. 
 
1.2 Contributions 
 
Given her interest in design as well as her experience in construction management, 
Angela Non has acted as Lead Structural Engineer and Project Manager for this project, 
and Isaac Raven, whose interest lies in architecture, will act as the Lead Architect and 
Building Information Modeling Designer.  This proposal provides the Santa Clara 
community a new and renovated space for those that are involved in the Multicultural 
Center and its club activities as well as those who are interested in using the building’s 
attributes.  
 
1.3 Current Conditions 
 
The Bob Shapell Student Activities Hall, circled in red in Figure 1 below, is located in 
Santa Clara University’s Benson Plaza.  This plaza is located in a central portion of the 
  2 
SCU campus and is a main hub of student traffic given its proximity to the University 
Library, Graham Residence Hall, and Kenna Lecture Hall.  
 
 
 
 The building of focus is located on the right-hand side of the Robert F. Benson 
Memorial Center and directly across the SCU Campus Bookstore, as illustrated in the 
current live view of the plaza below: 
 
 
 
Figure 1. A campus map of Santa Clara University, indicating the location of the Bob 
Shapell Student Activities Hall. 
Figure 2. A view of the Bob Shapell Student Activities Hall (right) in relation to the Robert 
F. Benson Memorial Center (center) and SCU Campus Bookstore (left). 
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1.4 A Brief History of the Space 
 
The Bob Shapell Student Activities Hall was added to the University as part of the 1983 
proposal calling for the redesign of the Benson Memorial Center, which, in addition to 
the Hall, included the construction of the Campus Bookstore.  Completed in 1985, this 
space was originally used as a recreational lounge for commuter students.   In 2000, this 
commuter lounge was converted into the permanent home of Santa Clara University’s 
Multicultural Center, also known as the MCC.  For consistency, this building of focus will 
now be referred to as the MCC for the duration of this proposal.  However, the history of 
the space, although brief, clearly indicates that the original layout and functions of the 
building were designed to meet outdated needs and no longer pertain to the current use 
of the space. 
 
1.5 Current Use of Space 
 
The MCC is a multicultural programming body that represents the racial and ethnic 
advocacy voice for the Santa Clara University community.  This organization also 
overlooks and supports ten cultural student clubs as follows: 
 
 Asian Pacific-Islander Student Union (APSU) 
 Barkada (Filipino) 
 Chinese Student Association (CSA) 
 Igwebuike (Black/Pan-African) 
 Intandesh (South Asian) 
 Japanese Student Association (JSA) 
 Ka Mana’o O Hawai’i 
 Korean Student Association (KSA) 
 MEChA-El Frente (Latina/o) 
 Vietnamese Student Association (VSA) 
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Collectively, these ten cultural clubs are comprised of over 600 student members, thus 
accounting for roughly 11% of the total undergraduate student population that are 
affected by the amenities provided by the MCC.  
 
The current layout of the MCC is split into two rooms.  Upon entering the space, the 
larger room on the left-hand side provides a multi-purpose venue for the activities of 
the ten clubs.  Each week, this space is used to house a minimum of ten general club 
meetings, with each meeting usually accommodating anywhere from 30 to 100 
members in attendance.   In addition, the MCC also holds educational seminars, panels, 
and forums that elaborate on issues that relate to the preservation of an environment 
conducive to the unique expression and appreciation of the various cultures of people 
of color.  Lastly, when not in use for scheduled meetings or events, the MCC also 
provides a recreational and academic space for students to utilize.  
 
The right-hand side of the MCC is a smaller subsection used as a combined Multicultural 
Center office and conference space.   The office is used as a dedicated workspace to 
fulfill the administrative requirements of the MCC to maintain its status as a Registered 
Student Organization (RSO) recognized by the University.  The conference space is 
needed to accommodate the eleven smaller executive board meetings held each week to 
plan the future and success of each cultural club.  In addition, storage closets are also 
located along the back walls of this subsection to house the props and possessions of 
the MCC.  Although cramped in space, most students tend to flock to this area as an 
unofficial academic workspace, which is only one of the many examples of how the MCC 
provides a dysfunctional and obscure layout for its users, one of the main concerns 
addressed in the proposed renovation. 
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1.6 Demonstration of Need 
 
1.6.1 Dysfunctional Layout 
 
As mentioned above, the dysfunctionality of the space is one of the main concerns that 
led to the call of a renovation.  The pictures below indicate the current state of both 
rooms in the MCC, illustrating a cluttered, clustered, and disorganized layout.  
 
  
Figure 3 provides a look inside the general meeting area located on the left-hand side of 
the MCC.  It is apparent that the room is not only disorganized and unclear as to which 
designated areas should be used for which functions, but the two concrete columns 
located in the middle of the space also interfere with the functionality and general flow 
of a space intended for large meetings.  In short, the space intended for multi-purpose 
activities is cluttered, unorganized, and dysfunctional. 
 
 
 
 
 
 
Figure 3. A view of the general meeting space inside the MCC. 
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Figure 4 above demonstrates the need for more storage space to be incorporated in a 
renovation of the MCC.  Mmany props, materials, and cultural dance items are left in the 
corners of the MCC as no other storage closets could be used to house them.  
 
  
The MCC subsection, shown in Figure 5, is a cramped space that does not provide a 
sufficient enough area to allow its members to work productively.   
Figure 4. Another view of the general meeting area, highlighting the lack of 
storage, as shown through the cluttered material. 
Figure 5. A view of the combined Multicultural Center office and 
conference room. 
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1.6.2 Voices of the MCC 
 
In order to further assess the need for a renovation to the space, a survey was 
conducted on 100 randomly selected members of the MCC regarding the suitability of 
the space.  When asked if the amenities of the current MCC layout specifically catered to 
the needs of their organization, an overwhelming 88% of the participants disagreed, 
claiming that the features of the space no longer contributed to its current uses.  From 
the results, it can be concluded that the need for an updated layout of the space is a 
popular opinion and should be addressed.  
 
To better understand how to make the space more functional, the participants were 
then prompted to provide feedback regarding what exact features the space was 
lacking.  They were given a list of five proposed features and asked to pick up to 3 that 
they would like to see included in a renovation of the of the MCC.  The five items were 
as follows: more storage space, a redesign of the MCC office room/conference space, a 
more functional layout, rehearsal space for cultural dances, and an addition of more 
conference rooms/study space.  The results of the survey indicated that a more 
functional layout, a rehearsal space, and smaller conference rooms were the most 
requested features, and thus, these elements were prioritized in the renovation plan of 
the MCC.  Summaries of the survey results are illustrated in the graphs and charts 
below.  
 
 
 
  
 
  
 
 
 
 Figure 7. A survey conducted on 100 randomly selected 
students of the MCC regarding the usability of the MCC. 
  8 
As illustrated from the graph above, a majority of the members of the MCC recognize 
that the amenities of the MCC no longer pertain to the current needs of their 
organization.  The table below illustrates what features the MCC needs in a renovation 
to make the space more relevant to its current uses.  
 
 
Figure 8. A summary of the features requested by members of the MCC to be included in the renovation 
of the MCC. 
 
Figure 8 above indicates that the most requested features to be implemented into a 
renovation of the MCC includes a cultural dance rehearsal space for annual culture 
shows, a more functional design indicating designated areas for specific activities, and 
the presence of more conference rooms and study spaces.   Thus, the renovation will 
aim to incorporate the requests of the members of the MCC as presented in the survey 
above. 
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2 Architectural Elements  
 
 
2.1 Current Conditions 
For the architectural design of our proposed project, the main objective was to address 
the student needs as discussed earlier in the assessment of need of the project.  The 
current architectural layout does not foster an environment that is conducive to 
learning and the various activities that take place in the space.  The current building is 
split into two large rooms.  One room contains a general meeting space where culture 
clubs and students hold their club meetings and activities.  The second room contains a 
front desk reception and conference table alongside storage units placed in a small 
corner of the room.  This space is especially tightly packed and is difficult to designate 
which part of the room will be for what purpose.  Overall, the project is specifically 
designed to address the dysfunctionality and limited space of the current building and 
provide a more fluid, dynamic, and functional layout. 
 
2.2 Proposed Interior Layout 
The elements of the project redesign consist of a renovation of the interior layout and 
addition of an extension towards the north end of the building.  The elements for the 
interior renovation include redesigning the general meeting space and improving 
additional lounge spaces, conference and study rooms, and an auxiliary space that 
contains storage and a front desk reception.  The extension will be used to house 
multipurpose room and an emergency exit continuation.  Figure 9 below is the 
proposed interior layout floorplan that demonstrates the placement of these 
architectural elements.   
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Figure 9. Proposed interior layout floorplan 
2.2.1 General Meeting Space 
One of the most important factors for the redesign was to provide a more conducive 
general meeting space.  To complete this, an open atmosphere environment was the 
best choice to implement in the architectural design.  As a part of our new design, 20 
benches were installed encompassed by a counter partition to create a section 
specifically designed for general club and student organization meetings.  Below are 
images taken from the Revit 3D architectural modeling software as well as the floor 
plan of this specific space.   
 
 
Figure 10. Proposed general meeting space in interior layout. 
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The general meeting space includes a partially closed off area of 1520 square feet 
towards the east end of the interior of the building. 
 
2.2.2 Group Study Rooms and Conference Room 
The next element as part of the redesign for the MCC was incorporating a private 
conference room as well as individual study spaces for students to utilize.  From the 
student survey, the study/conference rooms were the third most requested feature 
from the participants.  The current MCC does not have individual spaces sectioned off 
for studying; instead, it currently has scattered tables spread across the general 
meeting area with no sense of cohesiveness.  Often, when there are club meetings going 
on in the general meeting space, those that are not involved are disturbed by the 
surrounding noise from the other activities that are taking place in the same room.  The 
renovation aims to create spaces for students to study without being disturbed by 
extraneous noise from other MCC activities.  Thus, the proposed interior layout includes 
four study rooms located on the east wing of the structure.  These study spaces are each 
9 ft by 11 ft and can house of to six students at the time.  The conference room was 
positioned in center of the eastern wall with two study rooms on either side.  This space 
is larger than the study rooms with a length of 19 feet and a width of 9 feet and can hold 
up to 8 people.  All 5 rooms were created with sound proof doors and walls to create an 
environment that was suitable for important meetings or study groups that excluded 
static noise from the outside.  Below is a floor plan that demonstrates the placement of 
the study and private conference areas.   
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Figure 11. Proposed subsections of study rooms and private conference room in interior layout. 
 
2.2.3 Auxiliary Space 
The auxiliary space of the redesign contains storage facilities and a front desk reception 
area.  Again, by addressing the needs of the students, part of the redesign was to include 
more storage per square foot for the entire building to encourage an organized layout 
and to provide an area for culture clubs and other students to place their general items.  
The front desk will be adjacent to the main entrance of the building to initiate a more 
welcoming presence for students who walk into the building.  The front desk is 
indicated by a counter partition with a width of 3.5’ and a total length of 16’-1” that 
wraps around in a 90 degree angle, as pictured in Figure 12.    
 
 
Figure 12. Proposed auxiliary space in interior layout.  Includes front desk reception and storage 
facilities. 
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2.3 Extension 
The second part of the architectural renovation for the MCC in our design project was to 
include an extension that housed both a multipurpose activity room and an emergency 
exit continuation.  The location of this extension is shown in Figure 13 below. 
. 
 
Figure 13. Proposed floor plan extension of MCC with respect to surrounding existing buildings. 
 
The extension is made of nonstructural walls and the metal deck extends over this 
section, giving the entire proposed building a length of 80 feet and a continued width of 
69 feet.  This expansion will extend into what is currently used as a small, unused patio 
area.  More often than not, this area on campus is neglected and usually empty.  The 
current patio contains some seating and tables, as well as a counter partition that 
contains the emergency exit stairwell from the basement (Drahmann Center), as 
illustrated in Figure 14 below.   
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Figure 14. Current use of space between MCC and Benson Memorial Center 
 
As illustrated above, the patio is hardly ever occupied by students and can be used for a 
more functional purpose. Therefore, in order to enhance the usability of this space, it 
can easily be converted into an extension of the building that will address the needs of 
the MCC by converting this space into a dual multipurpose activity room as well as an 
emergency exit continuation. 
 
2.3.1 Multipurpose Activity Room 
According to the survey taken from the MCC students, one of the highest requested 
features to be included in a renovation of the MCC was an addition of a multipurpose 
room designated specifically for a dance rehearsal space for the 5 annual cultural 
showcases the MCC holds throughout the year.  The extension space will thus be 
converted into a dance studio for students to utilize. 
 
The Multipurpose room is connected with the original doors of the MCC to the center of 
the room, and has a connection to the emergency exit continuation to allow those to be 
able to leave the room in case of emergency situations.  The dimensions of this room are 
15’ x 45’ for a total area of 671 feet squared.  Below is a 3D isometric model of the entire 
proposed extension of the design project.   
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Figure 15. Proposed plans for multipurpose activity room, 
 one element that pertains to the extension. 
 
2.3.2 Emergency Exit Continuation 
The emergency exit continuation was a critical feature of the original structure that 
needed to be preserved throughout the renovation, as it is used to provide an alternate 
exit for the Drahmann Tutoring Center in the basement below.  Thus, in order to 
conform to codes requiring the presence of multiple exits, the emergency exit located in 
the current patio area will be maintained throughout the renovation. 
 
 
Figure 16. Emergency Exit continuation 3D model view for proposed extension. 
 
The emergency exit continuation room has two doors, with one leading to the outside of 
the north face of the building and one the other connecting to the multipurpose room.  
This allows both the residents of the multipurpose room and Drahmann Center to exit 
the building safely. The emergency exit continuation is 15’ x 24.25’ for a total area of 
364 square feet. 
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3 Structural Design 
 
 
3.1 Original Constraints 
 
As presented through drawings and plans provided by the Facilities Department of 
Santa Clara University, the current MCC is located in the top floor of a two-story cast-in-
place concrete building, with the SCU Drahmann Tutoring Center on the first floor 
located underground.  In addition, positioned in the center of building are four concrete 
columns that create the four corners of a square.  These columns span the full height of 
the building through both stories and are used to hold up the cast-in-place floor of the 
top level as well as the cast-in-place concrete roof.  Although we aim to renovate the top 
story of the building, it should be noted that the basement will be excluded from the 
renovation and that all necessary actions should be done in order to eliminate any 
disturbance to the bottom floor. A comparison of both the top live view of the Benson 
plaza and the framing elevation plans of the plaza can be found in Figure 17 below: 
 
 
 
 
 
 
 Figure 17. A comparison of the Benson Plaza with its framing elevation view. 
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As shown in the framing elevation view above, the MCC is located in the top right corner 
of the plaza, with the SCU Drahmann Tutoring Center located directly underneath.  The 
basement, however, stretches across the entire plaza, and thus, the foundation supports 
needed for the renovation of the MCC must not interfere with the pre-existing structure.  
 
The current dimensions of the top floor of the building, taken from the Santa Clara 
University’s filed Benson Center architectural drawings, are as follows: 69 ft long x 65 ft 
wide x 15 high, with a total area of 4420 square ft.  The perimeter of the building is 
comprised of 1-ft-thick structural concrete walls that, in addition to the columns, 
support the concrete roof.  
 
3.2 Proposed Structural Design Plan 
  
Given the constraints of the original space, a preliminary structural design plan was 
created to address the needs of the MCC while not disturbing the bottom story.  Thus a 
new roof design will be put in place, inspired by Santa Clara University’s Leavey Center.   
 
The Leavey Center, formerly known as the Harold J. Taso Pavilion, was originally built 
in 1975 and boasted an air-supported fabric roof.  This roof was in place for 25 years 
and was then deflated in 2000.  The renovation of the Pavilion into the Leavey Center, 
included a new truss-joist-supported roof which was then supported by four large 
trusses held up by 8 columns placed along the exterior of the building.   
 
The redesign of the MCC will closely follow the structural design of the Leavey Center.  
The first step of the MCC’s structural redesign plan entails demolishing the cast-in-place 
concrete roof and top floor interior columns.   The roof will then be replaced by a metal 
deck supported by prefabricated steel truss joists.  Two large steel trusses spanning the 
entire length of the building will be placed along the top of the MCC to support the steel 
joists.  Four concrete columns will be erected along the exterior of the building to 
support the steel trusses. 
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Figure 18. An illustration indicating that the MCC will be extended into the patio area in between the 
current MCC and the Robert F. Benson Memorial Center. 
 
As thoroughly discussed in Chapter 2, it should be noted that the dimensions of the MCC 
will be expanded, as this will prove critical in the structural design of the renovation. 
The dimensions of the building prior to and proceeding the renovation are illustrated in 
the table below: 
 
Table 1. A summary of the dimensions of the MCC before and after renovation. 
 
 Current Space Proposed Space 
Length (ft) 65 80 
Width (ft) 69 69 
Height (ft) 15 15 
Area (𝐟𝐭𝟐) 4485 5520 
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Using BIM Revit 2014, a 3D model incorporating all the elements of the proposed 
renovation of the MCC was created.  Figure 19 below illustrates the proposed redesign 
of the MCC.  
 
 
Figure 19. A 3D representation of the proposed renovation of the MCC created using BIM Revit 2014. 
 
It should be noted that the proposed structural design plan below is a preliminary 
design and only includes a rudimentary overview of the necessary calculations and 
elements of the structure. Thus, this project only focuses on the selection of rough 
member sizes and does not delve into connection detailing.  In addition, the existing 
building is assumed to be structurally sound without the heavy concrete roof in place.  
Thus, a seismic design plan pertaining to this renovation has also been omitted in this 
proposal. 
 
3.3 Demolition 
 
The first element of the MCC’s preliminary structural redesign entails demolishing the 
cast-in-place concrete roof and the four interior concrete columns on the top floor.  The 
original concrete roof consisted of a concrete waffle slab, as illustrated in the figure 
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below taken from the original drawings for the Benson Center as provided by the SCU’s 
Department of Planning and Projects. 
 
 
Figure 20. An elevation view of the Benson Plaza highlighting the waffle slab concrete roof of the MCC. 
 
This waffle slab roof design adds a vast weight onto the structure, and thus needs to be 
supported by four interior concrete columns in addition to the structural concrete 
walls.  However, because the main objective of the renovation aims to provide a more 
functional and open layout for the members of the MCC, the four interior columns on 
the top floor must be removed.  With the removal of the columns, the heavy concrete 
weight will also need to be modified into a lighter roof design plan, which is described 
in the process below. 
 
3.4 Metal Deck 
  
The first element of the MCC’s preliminary structural redesign following the demolition 
of the top-floor concrete columns and cast-in-place concrete roof involves designing the 
metal deck highlighted in blue in Figure 21 below. 
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Figure 21. A 3D capture of the renovated MCC, highlighting the metal deck roof. 
  
3.4.1 Distributed Loads 
 
The first step in the metal deck design was establishing expected distributed loads 
applied to the roof.  Based on the standard values outlined by the California Building 
Code (CBC) Sec. 1607.1, the design live load was determined to be 20 psf.  The expected 
total dead load was roughly estimated to be around 24.4 psf.  A breakdown summary of 
the distributed loads is presented in the table below.  
 
Table 2. A summary of the expected distributed loads on the MCC roof. 
 
Distributed Load 
Load (psf) 
LIVE, LL 20 
DEAD, DL   
- Mechanical/Electrical 8 
- Fireproofing 2 
       -      5-ply Gravel 6.5 
- Suspended Ceiling 2 
- Insulation 2 
DEAD total 20.5 
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A metal deck that would span the area of the roof was then selected based on its ability 
to support the sum of these initial loads.  The total factored load was then calculated 
using the equation 
 
    𝑃𝑢= 1.2DL +1.6LL             (CBC 1606.1) 
 
where DL stands for total dead load and LL denotes total live loads.  Thus, given 
Equation CBC 1606.1, the factored load applied to the metal deck was calculated to be 
56.6 psf.  This value was then compared to the allowable un-factored loads applicable to 
metal deck products supplied by Verco Decking, Inc. 
 
3.4.2 Metal Deck Selection 
 
A product catalogue provided by Verco Decking, Inc. was used as a reference for the 
metal deck selection, resulting in the selected use of the PLN3 deck, illustrated below. 
 
 
 
 
  
  
Figure 22. The metal roof deck PLN3 provided by Verco 
Decking, Inc. to 
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Material properties of the deck are listed in the Appendix, but a brief summary is 
presented below: 
 
Table 3. A summary of the selected PLN3 metal deck provided by Verco Decking, Inc. 
 
Metal Deck PLN3 
Deck Gage 20 
Steel Type ASTM A992 
Span (ft) 10 
Allowable Load(psf) 90 
Weight (psf) 2.9 
 
 
Thus, from the properties provided by the Verco Decking, Inc. product catalog, it was 
established that the Metal Deck PLN3 is suitable to uphold the applied uniform load of 
the roof of 56.6 psf, as the PLN3 has a greater allowable load of 90 psf.   
 
Given this selection, the dead loads and uniform load of the roof were then updated to 
include the weight provided by the PLN3 metal deck.  Table 4 below indicates the final 
distributed loads expected on the roof that will then applied to the prefabricated steel 
truss joists used to support the metal deck. 
 
Table 4. A summary of the distributed loads to be applied on to the steel truss joists used to support the 
metal deck. 
 
 
 
 
 
 
 
 
  
Distributed Load 
Load (psf) 
LIVE, LL 20 
DEAD, DL   
- Mechanical/Electrical 8 
- Fireproofing 2 
       -      5-ply Gravel 6.5 
- Suspended Ceiling 2 
- Insulation 2 
        -     Metal Deck 2.9 
DEAD total 22.9 
Factored Load, 𝑃𝑢 (𝑃𝑢 = 1.2DL + 
1.6LL) 59.5 
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3.4.3 Steel Truss Joists 
  
Truss joists were then selected as the next components of the roof as illustrated in blue 
in Figure 23 below.  
 
Figure 23. A 3D capture of the renovated MCC, highlighting the steel truss joists. 
 
As mentioned previously, the expected roof loads will apply a factored load of 59.5 psf 
that will then be translated onto the steel truss joists.  It is critical that the selected 
prefabricated steel truss joist can sustain this applied load.  However, before a selection 
can take place, a summary of the truss joist dimensions, placements, and characteristics 
must first be established.  
 
As illustrated in the final design, nine steel truss joists will be used to support the metal 
deck.   Each 60-ft truss joist will be spaced 10 feet apart from one another and will thus 
be evenly distributed across the 80-ft length of the MCC, which includes the extension 
previously mentioned.  Given this even distribution, the width of load affecting each 
truss joist, also referred to as the tributary width, 𝑡𝑤, was then determined for both 
interior truss joists and exterior truss joists.  Because the interior truss joists were 
exactly 10 feet apart from one another, each interior joist had a 𝑡𝑤 of 10 ft, whereas 
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each exterior truss joist only needed to support half the width of the interior, thus 
resulting in a 𝑡𝑤 of 5 ft.  
 
These tributary widths were then multiplied by the applied factored roof load, 𝑃𝑢, of 
59.5 psf in order to determine the load applied along the length of each joist.  Table 5 
below summarizes the load per linear foot onto both the interior and exterior truss 
joist. 
 
Table 5. A summary of linear loads applied on to the steel truss joists. 
 
 
 
 
 
The figure below indicates how the roof uniform load, 𝑝𝑤𝑢, will be distributed on to one 
interior truss joist. 
 
  
 
Once the uniform allowable loads applied onto each joist were established, a 
prefabricated steel truss joist type was then selected from the New Millennium Building 
Systems Product Catalog.  [Note: also check if the joist catalog uses factored or 
“allowable” loads]  Given a maximum applied linear load of 595 plf, it was determined 
that a deep long-span truss joist type 56DLH11 was the most ideal joist, as it could 
withstand a maximum applied load of 613 plf, which is greater than Wu.  In order to 
Truss Joist Type 
Uniform Linear Load, Wu 
Wu = tw x Pu 
Interior 595 lb/ft 
Exterior 297.5 lb/ft 
Figure 24. An interior steel truss joist with an applied uniform load of 595 lb/ft. 
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remain consistent, the 56DLH11 will be used for both the interior and exterior truss 
joist.  
 
Based on the product catalog, the 56DLH11 has an approximate weight of 26 plf.  Thus, 
when multiplied by its length of 60 ft, each individual truss joist will have a self-weight 
of 1560 lb.  Given its self-weight and Wu, the reaction was then determined to be 18.63 
kips for each interior truss joist and 9.32 kips for each exterior truss joist.  A more 
detailed calculation regarding the truss joist shear force can be found in the Appendix.  
These reactions will then be applied onto the steel trusses.  
 
3.4.4 Angled Roof Ends 
 
The two gaps between the large trusses and the existing concrete walls on the north 
and south sides of the building will be framed with small beams that will support an 
angled steel deck roof, highlighted in blue in Figure 25 below. 
 
 
 
Figure 25. A 3D model of the MCC, highlighting the beams and girder used to support the angled roof 
ends. 
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3.4.5 Angled Beam and Girder Selection 
 
In order to select the proper beam needed to support the angled roof ends of the 
structure, the uniform roof loads were first determined.  Identical to the uniform loads 
applied onto the steel truss joists, each angled beam will experience a uniform load of 
595 lb/ft.  Calculations were then done to calculate the moment demand, deflection 
limits, moment capacity and shear capacity for each beam. Then using the American 
Institute Steel Construction Code (AISC), it was determined that a W8x10 would be 
most ideal to support the loads of the roof.  The girder selected will be placed on top of 
the existing concrete wall as support.  This is picture below in Figure 26.   
 
 
 
 
The girder is a necessary component for this project with respects to the extension.  We 
have recognized that a girder would not be needed for the angled beams to rest on, and 
that the original concrete walls would provide spots for load distribution.  However, the 
extension does not have a concrete wall for the angled beams to rest on, so a cantilever 
girder will be placed for the angled beams on the extension part of the project. 
 
 
 
Figure 26. A free body diagram of the girder supporting the angled roof ends 
  28 
3.4.6 Steel Trusses 
  
In order to support the reactions from the steel truss joists, two steel trusses were then 
designed to be placed directly underneath the joists and angled beams.  However, 
unlike the Leavey Center whose steel trusses are placed along the outside perimeter of 
the building, the two steel trusses in the MCC renovation will be placed on top of the 
structure offset by five feet towards the interior of the building as illustrated in Figure 
27 below. 
 
Figure 27. A 3D capture of the renovated MCC, highlighting the steel trusses. 
 
This was done in order to allow the columns foots supporting the columns that 
ultimately hold up each steel truss to be placed in soil that would not directly impact 
the basement underground.  More information regarding this can be found under the 
Column Footings section.  
 
The finalized steel truss design consisted of two steel trusses each with a depth of 5 ft 
and a length of 90 ft.  Each truss will then experience 9 point loads applied by the ends 
of each truss joist.  The reaction from each interior truss joist will be 9.32 kips and each 
exterior reaction will be 4.66 kips. The reaction from each angled beam will be 2.53 kips 
for each interior beam and 1.26 kips for each exterior beam. Combining the two loads 
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gives a total interior point load of 11.85 kips and a total exterior point load of 5.92 kips, 
as illustrated in Figure 28 below. 
 
 
Figure 28. Total point loads applied onto each steel truss. 
  
Once these point loads were established, computer program SAP 2000 was used to 
analyze the truss under loading.  From there, ENERCALC was used to verify maximum 
axial and bending stress ratios as well as allowable moment based on various member 
sizes.  By using LFRD design, many iterations were done between these two programs 
to find ideal steel truss member sizes Two steel member sizes were selected to provide 
for the most cost effective solution and lightest truss design with respects to the load 
demands on the truss.  The top and bottom of each truss will be made of hollow 
structural steel member HSS9x9x
1
2
 and each angled interior member of the truss will be 
a double-angled LL3
1
2
x3
1
2
x
5
16
x
3
8
 member, as shown in the image below.  
 
 
Figure 29. A SAP 2000 illustration of the steel truss and its selected steel members. 
 
The self-weight of each steel truss member as well as the applied point loads yields a 
reaction force at each end of the truss of 36.25 kips, as illustrated below.  Both factored 
loads and self-weight were used in our calculations.   
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Figure 30. A SAP 2000 illustration of the steel truss and its reaction forces. 
 
This reaction force will then be applied to the concrete columns placed along the 
exterior of the structure.  
 
3.4.7 Exterior Columns 
  
In order to hold up the steel trusses, four concrete columns will be erected along the 
perimeter of the structure directly underneath each steel truss end shown in Figure 31 
below. 
 
 
Figure 31. A 3D capture of the renovated MCC, highlighting the exterior concrete columns. 
  
As mentioned previously, each concrete column will be offset five feet from the length 
and width of the structure towards the interior in order to accommodate the basement 
underneath. Design of the concrete columns was not included in the project scope, since 
it would be governed by seismic design (not part of this project).  A rough estimate of 
24” diameter column was used for the foundation design and cost estimate.  Therefore, 
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with a height of 15 ft, a diameter of 2 ft, and a concrete density of 150 pcf, each column 
will yield of weight of 7070 lb that will then be applied onto a column footing. 
 
3.4.8 Column Footings 
 
 
 
Figure 32. The underground column footing used to support the concrete column. 
 
Directly underneath the MCC is the SCU Drahmann Tutoring Center, with surrounding 
hallways connecting this space to the basement of the Robert F. Benson Memorial 
Center.  Thus, the footings needed to support the concrete columns needed to be placed 
in an area that would not disturb the Benson Basement and will consequently be placed 
5 feet from the length of the building towards the interior.   
 
For the preliminary footing size, the applied dead and live loads were used.  The 
reaction forces of the truss provided a load of 36.25 kips.  The self-weight of the column 
provided a force of approximately 7.07 kips onto the footing.  These two loads provided 
a total load of 43.32 kips onto each footing.  
 
The geotechnical report of the Benson Plaza was used as a reference to determine the 
allowable bearing pressure of the soil in which the footing will be placed.   According to 
the report, the allowable soil bearing pressure due to both dead and live loads was 
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stated to be 2500 psf.  This pressure and along with an applied total load of 43.32 kips 
will thus call for a minimum footing size of 18.1 ft𝟐, and rounded to the nearest half-foot 
yields a footing size of 4.5 ft x 4.5 ft.  For the cost estimate, an estimated footing depth of 
3 ft was used.  Figure 33 below illustrates the final column footing size below. 
 
Figure 33. Concrete column footing size. 
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4 Construction Management 
 
 
4.1 Work Breakdown Structures (WBS) 
A Work Breakdown Structures (WBS) was generated to highlight project deliverables 
needed in order to fulfill the requirements of the renovation.  The MCC redesign 
contains three main subcategories for construction.  These elements include the 
demolition processes, the structural implementation, and the architectural design.  All 
three components are dependent on each other, with respect to the order of certain 
construction elements.  Below is an example showing the 3 major components of the 
redesign, as well as an example of how the structural components are broken down in a 
sequential order. 
 
 
Figure 34. An example of a work breakdown structures that includes the main elements of the proposal 
pertaining to the entire redesign. 
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Figure 35. An image showing the structural elements organized in a work breakdown structure. 
 
The image above takes a closer look at how the structural elements of the project were 
implemented in a sequential order.  The two primary categories of the structural 
elements were the placement of the exterior columns and the roof systems.  In order to 
implement the column footings, for an example, construction calls for excavation, 
formwork placement, pouring of concrete and backfill.  These four items consist of 
developing the column footings.  On top of the column footings there will be the actual 
concrete columns, which consist of formwork placement and concrete pouring.  These 
elements combined together satisfy the exterior column prerequisites under the 
structural work breakdown tab.  The other category, as mentioned, is the roof and its 
specific components.  The roof system will be supported by both the steel trusses and 
the steel truss joists.  The actual rooftop itself is the installation of the metal deck, which 
will go on last after the exterior columns and the trusses have been placed.  This is just 
an example of one of the work breakdown structure tabs out of the three.  The 
demolition and architecture work breakdown structures are pictured in the Appendix I. 
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4.2 Cost and Duration Estimation  
 
The purpose of creating a WBS was to determine which action items were needed to 
complete the renovation.  From there, given the action items established, a cost and 
duration estimate was then created in order to determine expected costs for the 
renovation and duration of individual activities. 
 
Once each action item in the WBS was established, an activity list was then inputted 
into a Cost Estimate Excel spreadsheet template.  The template assisted in breaking 
down the cost of each activity given the renovation’s required quantity.  Average values 
taken from the RSMeans Building Construction Cost Data 2014 and RSMeans Square 
Foots Costs 2015 were inputted into the template to estimated costs for each activity. 
The Cost Estimate template was broken down into two main sections.  Section 1 dealt 
with highlighting the material costs, labor costs, and equipment costs for each activity, 
whereas Section 2 incorporated the proper adjustment factors such as waste, tax rates, 
and city indexes for each line item.  Snippets from Sections 1 and 2 of the Cost Estimate 
breakdown are presented below. 
 
 
Figure 36. A snippet of Section 1 of the Cost Estimate breakdown. 
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4.2.1 Line Items Example 
 
In order to demonstrate the effectiveness of the Cost Estimate template, the process 
done in order to estimate the cost of Line Item 17, which is the implementation of the 
four exterior concrete columns, is summarized below: 
 
 
Figure 38. Cost estimate breakdown of the concrete column installation. 
  
The RSMeans Building Construction Cost Data 2014 provided an estimate for the 
concrete columns formation and installation per cubic yard of concrete.  Given a column 
height of 15 ft and diameter of 2 ft, an approximate total of 7 cubic yards of concrete 
will be needed to erect four concrete columns.  The RSMeans then provided an average 
daily output of 51.85 cubic yards of concrete columns that are expected to be 
constructed per work day.  Thus, a duration length for each activity can be determined 
by dividing the quantity by the daily output, which will prove useful later on upon the 
creation of a construction schedule for the project.  The material cost, labor cost, and 
equipment cost for this line item were values taken directly from the RSMeans.  
However, adjustment factors were also taken into account in order to include waste, 
tax, labor overhead, material city indexes and installation city indexes, as shown in 
Section 2 of the Cost Estimate below: 
 
Figure 37. A snippet of Section 2 of the Cost Estimate breakdown. 
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Figure 39. Adjustment factors used to estimate the price of the concrete column installation 
 
With an estimated 6% concrete batch waste, a San Jose tax of 8.75%, an estimated labor 
overhead of 30%, and material and installation city indexes provided by the RSMeans, 
adjustment factors were found for material, labor, and equipment that were then linked 
to Section 1 of the Cost Estimate breakdown, thus leading to total cost of $4,642 for the 
concrete column installation. 
 
 
4.2.2 Final Cost Estimate  
 
Once a complete list of nearly 60 line items were tabulated, which can be found in 
Appendix J, a total cost estimate was generated.  The table below shows a breakdown of 
cost into the three main categories highlighted in the WBS: demolition systems, 
structural systems, and architectural systems. With the inclusion of overhead and 
profit, the total price of the renovation is expected to cost $864,341.00, and given a 
square footage of 5520 ft2, the renovation will be expected to cost $156.58/square foot. 
A table summarizing the cost estimate breakdown is presented below. 
 
Table 6. A preliminary cost breakdown for the proposed MCC renovation. 
 
Demolition $22,938.00 
Structural $115,884.00 
Architectural $547,163.00 
Overhead & Profit $178,356.00 
Price $864,341.00 
Cost/Square Foot $156.58 
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4.3 Scheduling 
 
Along with the cost estimate and work break down schedules, the Multicultural Center 
Redesign includes an estimated construction schedule for the renovation.  One of the 
more important aspects of the project redesign was to recognize that the construction 
would take place in the middle of campus, where student foot-traffic is heavy.  With this 
in mind, we decided to implement a construction schedule designed specifically to 
minimize its impact with the student environment around the project location.  The 
overall construction of the project is planned to take place during the summer quarter 
(June 15 – September 21) with a total construction time of eleven weeks.  The 
construction would start the Monday, June 15, immediately following the 2015 
undergraduate student commencement on Saturday.  With the use of Microsoft project, 
we were able to organize a schedule that ensures each activity shall be completed 
within the summer months.  The construction process for the entire building aims for a 
total of eleven weeks (ending August 28), which gives a 3 week contingency for any 
delays or unexpected challenges that require the construction schedule to extend.  A 
small example of the scheduling is displayed in Figure 40 below, highlighting the 
expected start, end and duration times for each line item  
 
 
Figure 40. The proposed schedule of the project developed on Microsoft project. 
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4.4 Site Logistics 
 
The site logistics that were addressed in the project included site access for the 
construction duration and proper temporary fencing for staging.  The project site will 
be accessed from the corner of Alameda and Market Street along one of the pre-existing 
sidewalks located in front of the campus bookstore.  Highlighted in yellow in Figure 41 
below is the path to be taken in order to access the project site. 
 
  
Figure 41. A plan view of how the project site will be access, via 
 the intersection of Alameda and Market streets. 
 
The second element of the site logistics plan includes implementing a proper fencing for 
the project proposal.  The fencing will have a minimum of 12 feet clearance from the 
exterior of the building and will extend into a part of the Benson Mall lawn towards the 
north end of the building to allow space for project staging.  Since the construction of 
the project will take place on a functioning center below (Drahmann Center), it was 
important to acknowledge and preserve the emergency exit path for the students that 
use the center below for emergency situations.  The image on the left of Figure 42 
shows Phase I of the fencing parameters.  During Phase I, the extension of the building 
has not been constructed, which allows users of the Drahmann Center downstairs to 
access the stairwell to exit safely away from the building.  The problem we recognized 
with the implementation of the extension is that the emergency exit will be covered and 
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blocked off by the construction.  The fencing will need to be adjusted to encompass the 
project with respects to the boundary of the building and the emergency exit to ensure 
the safety and availability of the inhabitants downstairs.  For this, we suggested 
implementing a temporary path and access point as pictured in the right image of 
Figure 42.  The fencing is mapped in two stages according to the progress of the project 
and its construction.   
 
 
               
Figure 42. Mapping of phase one fencing (left) and phase two fencing (right) with repsect to emergency 
exit access for the downstairs Drahman Center and the implementation of the extension for the project 
proposal. 
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5 Ethical Concerns 
 
5.1 Social Justice 
 
Social Justice is our primary ethical issue of concern.  The argument against the 
proposed project is that the University may not want to prioritize the issues according 
or relating to the MCC in lieu of other needs that the campus desires.  The redesigning of 
the MCC will only be affecting a fraction of the student body that actually use this space 
for their own benefit.  However, we argue that Santa Clara University, according to its 
ethical standards, must equally represent all academia, extracurriculars, and other 
forms of campus recreation alongside with representing all forms of culture and 
ethnical backgrounds to contribute to the University’s standard of inclusive excellence.  
Thus, it is important to uphold social justice for all students on campus, regardless if 
they choose or not to choose to be utilizing certain spaces on campus, particularly the 
MCC. 
 
Equal representation for all parties at SCU results in equal opportunity and 
representation of on-campus structures that house activities of particular usage 
according to the needs of the University and its student body.  The MCC ensures an 
equitable distribution of benefits for those that are involved deeply in their own culture, 
and it is important to preserve the notion of this idea.  Currently, the MCC needs 
improvement to better suit this important cultural necessity.  The impact of this project 
on the overall character of the affected community will greatly improve representation 
of the student body who value their cultural standards and traditions, thus supporting 
social justice and improving Santa Clara University’s idea of perspectives and 
inclusivity.   
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6 Relevant Non-Technical Issues 
 
6.1 Political 
 
Because our project consists of redesigning a building to be placed on Santa Clara 
University’s campus, we must keep in mind certain local independent groups that 
endorse and support the construction of buildings on campus.  Since the University is 
indeed private, most of the buildings on campus are built from donation-based efforts 
and funds from previous alumni and/or larger known alumnus families and 
organizations.  Also, in order to build or reconstruct facilities on campus, the University 
board must approve all changes done to the campus regarding construction or 
maintenance on buildings.  University approval is needed.  Of course, there will be 
specific permitting requirements to be addressed through the University and the 
selected firm to construct the new building. 
6.2 Environmental 
 
With the construction of this environment, we do not see any problems with it affecting 
the surrounding environment or foundation.  Since there is already a building located 
on the project site, there will be no need for further University excavation standards to 
be passed.  General construction emissions will be taken into considerations and 
limitations will be provided, as with all construction-based projects.  Regarding the 
social environment of the University, the project will benefit a specific (cultural) 
demographic at Santa Clara and will also benefit the student body as a whole, thus 
collectively improving the academic environment at the University. 
6.3 Economic 
 
We have realized the most cost-effective plan for the project is to leave the current 
building as it is and make smaller renovations inside the interior of the 
building.  However, the chosen project seems applicable to the University’s needs.  The 
University also seems to be in good standing regarding its economic status in regards to 
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on-campus construction, considering they have recently built a new residence hall in 
such a small time period to satisfy the needs of the growing population of student 
enrollment.  This growing population of student enrollment can also entice the thought 
of the expansion of student resource centers, such as the MCC. 
6.4 Safety 
 
There will be construction related issues regarding our project in the time of the project 
and how it will affect the surrounding environment.  Since the construction of this 
project will take place on campus, we have recognized that it would be best to keep 
construction timing in the summer, as opposed to the school year to decrease the 
chance of student foot traffic through the construction phases of the project.  Also, 
general construction safety (OSHA requirements) will be implemented and the project 
must meet ADA requirements for access.  Fencing and space limitations will be required 
around the project site proposal.  Noise pollution will also be monitored around the site 
for students and the general public that access the university during the summer 
quarter. 
6.5 Aesthetics  
 
The project must correspond with the University’s architectural standards and code.  
The building design must fit and be similar to the aesthetics of the surrounding 
buildings to keep the “mission style” theme of the University (ex: adobe wall colorings, 
tiled roofing, window outlet designs).  The aesthetics of the building will not have an 
effect on the interest of the student users but rather if it can be passed by University 
standards.  The aesthetics of the inside of the building, however, must appeal to student 
users to help promote the fluidity and adaptability of the building alongside its 
functionality.  The internal design of the building is one of our main design focuses to 
create a more welcoming and useful environment for student users. 
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7 Conclusions 
 
The Santa Clara University Multicultural Center Redesign project’s main goal is to 
acknowledge the student growth on campus for future years to come and to design a 
new Multicultural Center that can accommodate the population on campus that utilize 
the Multicultural Center for its many uses.  The implementation of this project 
contributes to the University’s goal of inclusive excellence, as it is one of the University’s 
standard to uphold multicultural and student diversity within the campus.  The Santa 
Clara University Multicultural Center Redesign plans to renovate the current building 
both architecturally and structurally and to implement an extension to contribute to 
expansion for the facilities that are utilized there.  The redesign includes a new metal 
deck roofing system supported by steel truss joists, large steel trusses, and exterior 
concrete columns.  The building’s pre-existing cast in place concrete shell will be 
relieved of its original roof load to help increase the building’s stability against seismic 
activity.  We hope that the redesign of the building not only accommodates the student 
growth on campus but also fosters an environment that is both safe, with respects to 
structural stability, and conducive to its purposes for the students that use the building 
with respect to club activities, general meetings and student study environments and 
learning.   
 
 
 
Figure 43. Final exterior model of the redesign of the MCC. 
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Appendix A 
 The architectural drawings of the original Bob Shapell Student Activities Hall, as provided by the Santa Clara Facilities Department  
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Appendix B  The structural drawings of the original Bob Shapell Student Activities Hall, as provided by the Santa Clara Facilities Department  
 
B-2   
B-3   
B-4   
B-5   
B-6   
B-7   
B-8   
B-9  
 
B-10  
   
C-1  
Appendix C  The Benson Memorial Center Geotechnical Report as provided by the Santa Clara Facilities Department   
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Appendix D  Hand calculations for the structural design system 
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Appendix E 
 Information regarding member sizes selected for the proposed structural design system  
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Appendix F  SAP 2000 and ENERCALC iterations used to determine steel truss member sizes  
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Appendix G  Architectural drawings of the interior layout, as created through Autodesk AutoCAD 2014  
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Appendix H 
 Additional 3D models of the proposed redesign, as provided through Revit 2014. 
 
 
Figure G-1. Labeled plan view of extension and original structure  
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Figure G-2. Detailed emergency exit continuation plans  
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Figure G-3. Northeast elevation view of structure.  
 
Figure G-4. Northwest elevation view 
 
Figure G-5. Southeast elevation view  
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Figure G-6. Southwest elevation view  
 
Figure 7. Truss joist roof plan   
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Appendix I  Additional work breakdown structures for demolition and architectural systems  
 
Figure I-1. Completed WBS for Demolition 
 
 
 
Figure I-2. Completed WBS for Architectural System  
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Appendix J  Complete Cost Estimate Breakdown  
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Appendix K 
 Cost Estimate quantity hand calculations  
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Appendix L 
 Construction Schedule Trial 1, with an end date past the summer deadline. 
 
 
